INTRODUCTION
The brain and spinal cord are prone to functional and structural changes that can occur in 69 distributed neural networks underlying motor behavior (Joseph 2013) . Neuronal plasticity can be Page 10 / 38 upon paired TMS (Di Lazzaro et al. 1998) . Subthreshold TMS increases the polysynaptic spinal 228 TA flexor reflex size when TMS pulses are delivered 40 to 100 ms after the end of the test pulse 229 train stimulation (Mackey et al. 2015) . By convention these intervals are negative. Further, at the 230 negative C-T intervals of 40 to 80 ms, the delay is sufficient for the interaction between 231 conditioning TMS and test afferent volleys to occur at the somatosensory cortex. 232 In this study, subthreshold conditioning TMS was delivered at 0.7 ± 0.005 TA MEP resting 233 threshold for c-tsCCS, and at 0.71 ± 0.009 TA MEP resting threshold for a-tsCCS. The effects of 234 subthreshold TMS on the innocuous TA flexor reflex evoked by medial arch foot stimulation 235 were established at C-T intervals that ranged from -80 ms (TMS delivered after foot stimulation) 236 to 20 ms (TMS delivered before foot stimulation). Flexor reflexes for c-tsCCS were elicited at 237 1.36 ± 0.07 and for a-tsCCS at 1.50 ± 0.12 TA flexor reflex threshold. Under control conditions 238 and for each C-T interval, 10 TA flexor reflexes at a stimulation frequency of 0.1 Hz were 239 recorded. from changes in the TA MEP recruitment curve ( Fig. 1B) . For each subject, the TA MEP 244 recruitment curve was assembled starting from stimulation intensities corresponding to 0.6 TA 245 MEP resting threshold until maximal amplitudes were obtained. TA MEPs for both cases were 246 recorded at similar stimulation intensities for each subject before and after a-tsCCS and c-tsCCS. 247 Spinal Neuroplasticity. Spinal neuroplasticity was assessed by establishing changes in the 1) 248 TEP recruitment curves, and 2) amount of soleus H-reflex and TEP post-activation depression 249 (Fig. 1C ). TEPs in response to cathodal transpinal stimulation were recorded at the interstimulus Page 11 / 38 intervals of 5 s and 1 s, and at different intensities to assemble the TEPs input-output recruitment 251 curve. At the intensity that most TEPs of ankle muscles were 30 % of their maximal amplitude, 252 10 TEPs elicited every 5 s (or 0.2 Hz) or every 1 s (1 Hz) were recorded. For each recruitment 253 curve assembled, at least 80 TEPs at different stimulation intensities were recorded. In order to 254 establish the soleus H-reflex post-activation depression, the maximal M-wave following 255 posterior tibial nerve stimulation was evoked, measured as peak-to-peak amplitude, and saved (Ellaway 1978; Brinkworth and Türker 2003; Knikou 2014) .
267
For each subject, the TA MEP recorded at different stimulation intensities (recruitment MEPs plotted against the stimulation intensity. The MEP slope and stimuli corresponding to 271 MEP threshold and maximal MEP were estimated based on equations 2, 3, and 4, respectively.
272
The predicted MEP threshold intensity was used to normalize the TMS intensities. This was 273 done for each subject separately so that MEP amplitudes at different stimulation intensities could Page 12 / 38 be grouped across subjects based on multiples of MEP resting threshold. The average normalized 275 MEP size was calculated in steps of 0.05 MEP resting threshold for each subject and then across 276 subjects. This was done separately for MEPs recorded before and after c-tsCCS and a-tsCCS, 277 and for TEP recruitment curves recorded bilaterally from distal and proximal leg muscles. In the c-tsCCS group, the conditioned TA MEP amplitude was significantly different based 310 on time of testing (F (1,4) = 8.76, p = 0.004) and C-T interval (F (1,4) = 10.02, p < 0.001) ( Fig. 2B ).
311
Specifically, the conditioned TA MEPs were significantly reduced after c-tsCCS compared to 312 that observed before c-tsCCS at the C-T interval of 40 and 60 ms ( Fig. 2B ). In the a-tsCCS 313 group, the conditioned MEP amplitude from all subjects was significantly different based on 314 time of testing (F (1,4) = 8.76, p = 0.004) and C-T interval (F (1,4) = 10.02, p < 0.001). The 315 conditioned TA MEPs from all subjects were significantly reduced after a-tsCCS at the C-T 316 interval of 60 ms ( Fig. 2D ). For c-tsCCS and a-tsCCS groups, 3-way ANOVA showed a 317 significant effect of time (F (1,4,1) = 8, p < 0.001) and C-T interval (F (1,4,1) = 10.02, p < 0.001) but 318 not of stimulation polarity (F (1,4,1) = 0.134, p = 0.71). However, post hoc Holm-Sidak multiple 319 comparisons revealed that at the C-T intervals of 40 ms (t = 3.17, p = 0.002), 50 ms (t = 3.84, p
Page 14 / 38 < 0.001), and 60 ms (t = 3.18, p = 0.002) the effect of a-tsCCS was stronger compared to that of In the c-tsCCS group, the conditioned TA flexor reflex amplitude from all subjects was 330 significantly different based on time of testing (F (1,7) = 8.27, p = 0.005) and C-T interval (F (1,7) = 331 6.75, p < 0.001), but an interaction between them was not found (F (1,7) = 0.31, p = 0.94). Post hoc 332 Student-Newman-Keuls tests for multiple comparisons revealed that the overall amplitude of the 333 conditioned TA flexor reflexes was increased at the C-T intervals of -80, -70, -60, and -50 ms 334 after c-tsCCS (Fig. 3B ). In the a-tsCCS group, the conditioned TA flexor reflex amplitude from 335 all subjects was significantly different based on time of testing (F (1,5) = 6.37, p = 0.013) and C-T 336 interval (F (1,5) = 3.78, p = 0.004), but an interaction between them was not found (F (1,5) = 0.34, p 337 = 0.88). Post hoc Student-Newman-Keuls tests for multiple comparisons revealed that the TA 338 flexor reflex facilitation at the C-T interval of -50 ms was reduced after a-tsCCS compared to 339 that observed before a-tsCCS ( Fig. 3D ).
340
For c-tsCCS and a-tsCCS groups, 3-way RM ANOVA showed a significant effect of polarity 341 (F (1,1,5) = 12.55, p < 0.001), C-T interval (F (1,1,5) = 8.96, p < 0.001), and an interaction between 342 time and polarity (F (1,1,5) = 17.91, p < 0.001). Based on these results, it is evident that c-tsCCS before c-tsCCS to 164.3 ± 27.7 % after c-tsCCS (t = 91, p = 0.021).
362
In the a-tsCCS group, the average TA MEP amplitude recorded at 1.2 MEP resting threshold 363 from all subjects increased by 80 ± 33.14 % and the maximal MEP amplitude increased by 85.08
364
± 42.51 % (Fig. 4E ). The TA MEP recruitment curves before and after a-tsCCS from all subjects 365 support for increased corticospinal excitability of the leg motor cortex area (Fig. 4F ). The
Page 16 / 38 predicted maximal MEP from the sigmoid function fitted to each MEP recruitment curve 367 separately changed from an overall mean amplitude of 113.21 ± 9.97 % before a-tsCCS to 368 146.96 ± 24.9 % after a-tsCCS (t = 77, p = 0.48). However, RM ANOVA showed that the actual 369 normalized MEP amplitudes recorded at different intensities changed significantly as a function For c-tsCCS and a-tsCCS groups, 2-way RM ANOVAs on the MEP recruitment curve 373 sigmoid function parameters showed a significant effect of polarity (F (1,1) = 7.022, p = 0.012) but 374 not of time (F (1,1) = 1.37, p = 0.24) for m function, a significant effect of polarity (F (1,1) = 8.19, p 375 = 0.007) but not of time (F (1,1) = 0.8, p = 0.37) for MEP slope, a non-significant effect of polarity 376 (F (1,1) = 0.27, p = 0.6) and time (F (1,1) = 2.53, p = 0.24) for stimuli at MEP threshold, a significant 377 effect of polarity (F (1,1) = 7.59, p = 0.009) but not of time (F (1,1) = 0.083, p = 0.77) for stimuli at 378 MEP maximal, and a non-significant effect of polarity (F (1,1) = 0.001, p = 0.96) but a significant 379 effect of time (F (1,1) = 6.17, p = 0.01) for maximal MEP amplitude. TEPs were present at similar latencies in left and right leg muscles with shorter latencies 383 observed for the RF and MH muscles compared to the more distal ankle flexors/extensors (Table   384 1), consistent with the TEP latencies we have previously reported (Knikou 2013a, b). The 385 latency of TEPs tested in all leg muscles at an interstimulus interval of 5 s did not change before 386 and after c-tsCCS and a-tsCCS (for all TEP latencies before and after p > 0.05, Table 1 ).
387
[Insert Table 1 near here] Figure 5 illustrates the mean TEPs amplitude from all subjects and muscles at different 389 intensities (recruitment curves) before and after c-tsCCS. For TEPs recorded from right leg 390 muscles, c-tsCCS changed the recruitment order and increased the predicted maximal amplitude 391 based on the sigmoid function fit for the SOL (p = 0.03; Fig. 5E ) and RF (p = 0.04; Fig. 5K ), and 392 decreased for the hip adductor GRC (p = 0.007; Fig. 5G ). For TEPs recorded from left leg 393 muscles, c-tsCCS changed the recruitment and increased the predicted maximal amplitude based 394 on the sigmoid function fit for the MG (p = 0.04; Fig. 5D ), and SOL (p = 0.04; Fig. 5F ), and 395 decreased for the TA (p = 0.02; Fig. 5B ) and GRC (p = 0.02; Fig. 5H ). the predicted maximal TEP amplitudes before and after stimulation was not found (p > 0.05). A 403 non-significant effect of time was found for the sigmoid function m (p = 0.35), slope (p = 0.73), 404 and stimuli corresponding to TEP threshold (p = 0.7), and maximal TEP amplitude (p = 0.73).
405
These results are for the left SOL TEP but similar findings were found for all remaining TEPs.
406
[Insert Figure 6 near here]
407
For c-tsCCS and a-tsCCS groups, 3-way RM ANOVA on the predicted maximal TEPs 408 amplitudes recorded from ankle muscles showed a significant effect of polarity (F (5,1,1) = 10.98, p 409 = 0.001), an interaction between time and polarity (F (5,1,1) = 7.98, p = 0.005) but not for muscle 410 (F (5,1,1) = 0.73, p = 0.59). In contrast, 3-way RM ANOVA on the predicted maximal TEP Page 18 / 38 amplitudes recorded from knee/thigh muscles showed a significant effect of muscle (F (7,1,1) = 412 2.45, p = 0.02) but not a significant effect of stimulus polarity (F (7,1,1) = 0.08, p = 0.77) with an 413 exception for the right GRC (t = 2.17, p < 0.05), right VM (t = 3.66, p < 0.05) and right RF (t = 414 0.077, p < 0.05) muscles. An interaction between muscle and time was also found (F (7,1,1) = 1.87, 415 p = 0.033). 8A, B). The percent of change in TEPs amplitude from all subjects was statistically significant 434 different across muscles (F (12,1) = 8.52, p < 0.001) but not based on time of testing (F (12,1) = 0.52, Page 19 / 38 p = 0.46) or on their interaction (F (12,1) = 0.6, p = 0.82) after c-tsCCS. Similarly, no difference 436 was found for TEPs sizes evoked at 1 s before and after a-tsCCS. 437 c-tsCCS did not affect the soleus H-reflex size evoked at 5 s (p = 0.63) or 1 s (p = 0.16), or 438 following paired pulses at an interstimulus interval of 50 ms at a constant stimulation frequency 439 of 0.2 Hz (p = 0.16; Fig. 8C ). a-tsCCS reduced the amount of soleus H-reflex depression at low 440 frequencies, i.e. at an interstimulus interval of 1 s (p = 0.039; Fig. 8D ) but did not affect the H-441 reflex size at 5 s (p = 0.11). Repeated-measures ANOVA on the normalized H-reflexes from all 442 subjects showed a significant effect of interstimulus interval (F (1,1,1) = 15.1, p < 0.001), but not of 443 polarity (F (1,1,1) = 1.4, p = 0.23) or time (F (1,1,1) = 2.7, p = 0.1). A significant interaction between 444 polarity and time (F (1,1) = 4.88, p = 0.031) was found. c-tsCCS and a-tsCCS decreased the afferent-mediated MEP facilitation (Fig. 2B, D) . Further, 455 c-tsCCS increased the subthreshold TMS-mediated TA flexor reflex facilitation but a-tsCCS 456 decreased the subthreshold TMS-mediated TA flexor reflex facilitation (Fig. 3B, D) . These MEPs recorded at 1.2 MEP resting threshold intensities remained unaltered, suggesting that the 488 same neuronal populations were recruited by TMS before and after tsCCS, and that membrane 489 excitability changes are not a major mechanism contributing to MEP facilitation.
490
The increasing MEP amplitudes with increasing stimulation intensities (recruitment curve) 
632
In this study, no sham stimulation was applied. In our opinion, it is unlikely that the observed 633 neurophysiological changes were due to a placebo effect, since the subjects were blind to the 634 stimulation polarity and the effects of stimulation, while any change in muscle activity would 
